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INTRODUCTION 
Adherence of pathogenic bacteria to host tissues is often the 
first step in initiating the disease process. When adherence is 
absent, host defense mechanisms such as mucociliary action, 
peristalsis, and fluid flow across mucous membranes may remove invading 
pathogens. The ability of bacteria to adhere and maintain attachment 
in the face of host defenses is an important determinant of 
pathogenicity. 
Although the ability to attach to and proliferate on epithelial 
surfaces is important in some diseases, there are other virulence 
factors of importance. Important factors contributing to virulence 
include the ability to produce enterotoxins or endotoxins, hemolysins, 
capsules and iron-sequestering proteins such as enterochelin and 
aerobactin. Attachment to host epithelial surfaces provides close 
contact allowing efficient and rapid action of toxins. Without close 
association of bacteria with the host cell, toxins could be washed away 
before exerting their maximal effects. Once attached to epithelial 
cells, bacteria are protected from the c l eans ing action of surface 
fluids. Toxins can then be released at their sites of action . 
Different bacterial pathogens have evolved their own means of 
attaching to host cells. Cell surface components such as adhesive 
proteins (16), specialized attachment structures (40, 102), and sugar 
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polymers (55) are examples of non-fimbrial attachment factor s . These 
types of factors allow organisms to adhere without specialized 
appendages to host cells . Research on pathogens possessing attachment 
organelles has been more extensive . Disease-producing organisms 
inhabiting the gut, urogenital tract , wounds, respiratory tract, and 
mucous membranes of the host generally express an adhesin on their 
surface . These adhesins are usually composed of protein although 
carbohydrates, glycoproteins, or glycolipids may be found in addition. 
Pathogenic bacteria found in human and veterinary diseases possessing 
adhesins include Klebsiella (22), Neisseria ( 104), Moraxel la (3), 
Aeromonas (83), Pseudomonas (39), Shigella (25), Salmonella (23), 
Vibrio (99), Bordetella (2a), and Escherichia (6). 
The functional properties of the adhesins of pathogenic bacteria 
provide useful information for their identification. In I. co li 
characteristics such as the abil ity to hemagglutinate certain spec i es 
of erythrocytes ( 13 ) and adherence to host cells can be used to 
distinguish one adhesin type from another. Hemagglutinating activity 
of some I. coli strains was inhibited by the presence of 0.5 % D-
mannose or methyl-alpha-0-mannoside ( 14, 24) . Brinton (6) found these 
hemagglutinins, belonged to the Type 1 classification of fimbriae . 
However , Duguid et al. (24) found there were host-spec ific adhesins of 
various 0 serogroups that hemagglutinated erythrocytes in the presence 
of mannose. Therefore , fimbriae unable to hemagglutinate in the 
presence of mannose have been designated mannose- sensitive, while those 
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hemagglutinating regardless of the presence or absence of mannose are 
mannose-resistant. Although agglutination of erythrocytes is a 
possible indicator of fimbriae on the surface of a cell, the problem of 
whether the receptor on the red blood cell is the same as the receptor 
on host epithelial cells needs to be addressed. Jann et al. (47 ) 
studied ~. coli strains bearing known fimbrial types and found no 
correlation between the ability to agglutinate red blood cells and 
adherence to mammalian cells. 
The adherence of bacteria to mammalian host cells is a complex 
process. Host specificity of adhesins cannot be determined by 
hemagglutination testing with or without mannose. This requires a 
closer examination of adhesin-specific receptors on eukaryotic cells 
along with serological testing . For many pathogenic bacteria that 
possess adhesins, including~. coli, these tests offer a better 
understanding of the attachment mechanisms important in initiating a 
disease process . 
Adherence is a primary area of study concerning diarrheal diseases 
affecting domestic animals and man. Among these diseases there are 
several caused by members of the family Enterobacteriaceae that are of 
major importance. Escherichia, Salmonella, and Shigella are genera 
belonging to this family known to be important causes of diarrheal 
disease. These bacteria adhere to epithelial surfaces of the intestine 
and/ or invade epithelial and subepithelial cells. Upon invasion of 
these cells, enteritis and severe, profuse diarrhea often result. 
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Escherichia coli is probably a major contributor to diarrheal disease 
in young domestic animals . 
There are four types of ~. coli associated with diarrheal disease 
in humans and animals (58). These are: 1 . Enteroinvasive (EIEC). 
This type is responsible for causing dysentery in humans only. 2. 
Enterohemorrhagic (EHEC). This is associated with hemorrhagic colitis 
and hemolytic uremic syndrome in humans, and hemorrhagic colitis in 
calves. 3. Enteropathogenic (EPEC). This is responsible for infant 
diarrhea in humans and diarrhea in calves. 4. Enterotoxigenic (ET EC). 
This type is associated with infant and travelers diarrhea in humans, 
and neonatal diarrhea in piglets, calves, and lambs, and post-weanling 
coli- bacillosis in pigs. Each type of diarrheagenic ~. coli described 
above possesses a set of traits to distinguish it from the other. 
Enteroinvasive strains have a predilection for the colonic mucosa . 
They invade, proliferate and cause death of epithelial cells . These 
strains also secrete a cytotoxin although it had not been shown yet to 
have a role in the disease process. Enterohemorrhagic strains are 
often associated with 0157:H7 serogroup. These bacteria may secrete 
one or both toxins, Verotoxin 1, which resemble Shigella dysenteriae 
type 1 cytotoxin, and Verotoxin 2. The sites of bacterial infection 
are the cecum and colon. Enteropathogenic bacteria characteristically 
attach to and destroy microvilli without invasion of the enterocyte. 
These strains usually contain a plasmid called EAF (enteropathogenic 
adherence factor) plasmid that encodes for a 94 kDa protein found on 
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the bacte rial surface. This protein is thought to aid in attachment to 
the enterocyte surface. Enteropathogenic strains cause lesions 
primarily in the ileum and colon . 
Enterotoxigenic ~. coli are non-invasive and colonize the smal l 
intestine. They attach via fimbriae. These bacteria produce one or 
both of the following toxins: heat-stable (ST) or heat-labile (LT). 
Although the ir e ffects on i ntes tinal fluid secretion are similiar , LT 
and ST toxins are different from each other structurally and 
functionally . Structurally, LT is similiar to cholera toxin. They are 
both composed of five r eceptor-b i nding units called B subunits and one 
active A subunit. The molecular weight of LT is approximately 86,500 
daltons and there is onl y one type. ST is composed of two subsets STa 
(STI) a nd STb (STII) . Bo t h types are molecules containing no subunits 
and h ave a molecular weight of between 1,500 and 5,000 daltons. Genes 
encoding for LT, STa , and STb are located on plasmids that have 
inverted repeating sequences flank i n g the coding regions. The STa 
genes are found on transposon Tnl681 and are flanked inverted repeats 
of ISl. STb genes h ave a t r ansposible element structure but there is 
no evidence of transposition . LT genes have not yet been found 
associated wi t h transposons. Functionally the action of LT on 
epithelial cel1s, like cholera toxin, affects adenylate cyclase causing 
a prolonged f luid secretion by epithelial ce lls. The STa activates 
guanylate cyclase and is found in human, bovine, and porcine ~- coli 
isolates . The STb i s produced by certain strains of porcine ETEC and 
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the mechanism of action is not known. Both STa and STb cause a short-
lived, rapid- onset fluid secretion from epithelial cells. The receptor 
for LT is GM1 ganglioside and the STa receptor is thought to be either 
a protein or lipoprotein. The receptor for STb is not known. 
Adherence of pathogenic and potentially pathogenic organisms to 
host cells is usually selective . For example, respiratory tract 
pathogens adhere to tracheal epithelial cells, while venereal disease 
pathogens adhere to epithelial cells of the urogenital tract. If an 
invading organism does not have a specific adhesin for a given cell 
type, host defense mechanisms or unavailability of attachment sites may 
make it difficult to replicate and elaborate other virulence factors. 
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LITERATURE REVIEW 
Fimbriae on ETEC were first demonstrated in 1950 by Houwink and 
Van Iterson (39) . Utilizing electron microscopy, they found a surface 
appendage different from previously described flagella. Flagella are 
long filamentous organelles on the bacterial surface (12, 54) 
responsible for locomotion of the organism (87). Houwink and Van 
Iterson observed filaments that were thinner and shorter than flagella. 
They were evenly distributed across the cell surface unlike flagella 
which are found in bundles. They suggested these appendages were 
responsible for attachment. 
Duguid et al . (26) supported Houwink and Van Iterson's suggestion 
that these non-flagellar organelles function in attachment . Duguid 
suggested the name "fimbriae" (Latin meaning threads or fibers) be 
assigned to these appendages . They found that fimbriated t. coli would 
agglutinate red blood cells. Brinton (5) demonstrated the existence 
of fimbriated and non-fimbriated phases in ~ . coli. Fimbriae were 
present when bacteria were grown at 37°c but not at 18°c. 
Members of the genus Escherichia important in veterinary diseases 
have adhesins on their surface . ~ . coli causing diarrheal diseases 
have adhesins that allow the organism to adhere and initiate the 
disease processes. Fimbrial types found on ETEC strains have tested 
mannose-resistant in hemagglutination and in in-vitro epithelial cell 
adhesion assays. Since many strains express more than one type of 
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fimbria on their surface, hemagglutination should not be used as an 
indicator of the presence or absence of a fimbrial type. Also, some 
ETEC strains produce fimbriae that fail to hemagglutinate any 
erythrocytes of any species tested so far . Along with 
hemagglutination, other criteria are necessary to identify specific 
fimbrial types . Studies have shown each fimbrial type recognizes a 
specific receptor on the gut epithelial surface . There appears to be 
no cross-reactivity between ETEC fimbrial types and their receptors 
(52b). 
To date four major types of adhesins have been detected on ~. 
coli: K88, K99, 987P, and F41 . 
Fimbrial antigens on ETEC were first serologically described in 
1961 by Orskov, et al. (81). They analyzed surface antigens present on 
~. coli isolated from swine with edema disease. One of these called L, 
was later found on several ETEC isolates from edema disease outbreaks 
and subsequently named K88 (80). Assays revealed K88 antigen 
agglutinated guinea pig erythrocytes (95) and chicken e r ythrocytes 
(84). 
The incidence of K88 among swine diarrheal field isolates has been 
found to be approximately 45% (4, 103). The percentage may vary 
according to geographic location , herd health , and vaccination 
practices . Evans et al. (29) conducted a study in Michigan in which the 
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prevalence of all ETEC fimbrial types associated with swine diarrhea 
was determined and found K88 in only 27% of the field isolates tested. 
Vaccination against K88 and other fimbrial antigens is a common 
practice in swine breeding operations . Usually the sow is inj ected 
several weeks before farrowing with a bacterin-toxoid or bacterin 
preparation. The vaccine consists of ~. coli with the four important 
fimbrial types. The sow's immune system is stimulated to produce 
antibodies against these antigens . Antibodies are passed to the piglet 
through colostrum and provide protection against neonatal enteric 
disease. 
Antigenic variation among K88 isolates has been described. Four 
variants now recognized are K88abl, K88ab2, K88ac, and K88ad . There is 
a common factor "a" in these isolates, but each contains a distinct 
antigenic determinant in addition. The K88ab variant was originally 
found on edema disease isolates in England (30). The K88ac variant was 
isolated in Ireland (79) . The K88ad variant was isolated in the 
Netherlands (35) . Orskov et al. (80) detected K88ab and K88ac variants 
using specific antisera. The K88ab subtype was further divided into 
subgroups 1 and 2 based on sequencing of K88ab genes (27). Guinee and 
Jansen (35) examined the hemagglutination patterns and serological 
characteristics of the K88 variants. The location of divergent regions 
of the variant K88 fimbrial types was determined by amino acid (33, 53 ) 
and DNA sequencing (32, 34) . 
Incidence of K88 variants among field isolates has been studied by 
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Westerman et al. (101). They found K88ac was the predominant variant 
of K88 in 415 strains tested with monoclonal antibodies against each 
subtype. Gaastra et al. (33) suggested that K88 variants occur 
because of intensive immunization by swine producers . Vaccination 
against one variant was thought to apply selective pressure for those 
bacteria that could produce a modified subunit . Antibody specific for 
the K88 type present in the vaccine would not be protective against the 
variant . 
Genetic analysis revealed the genes encoding K88 in ~. coli are 
found on episomes or plasmids (78, 80, 96). Experiments were carried 
out using a donor possessing plasmid-encoded K88 genes and a host that 
did not produce the K88 adhesin. The plasmid encoding K88 was 
transferred from the donor strain and introduced i nto the K88-
recipient. Daughter cells were serologically tested and f ound to 
produce K88 . To confirm that K88 genes were present on a transmissible 
plasmid, K88-producing cultures were exposed to acridine orange . 
Acridine orange causes frameshift mutations in DNA and instability in 
replication mechanisms. Plasmids affected by this chemical become 
unstable and are lost during host cell division. Daughter cells 
treated with acridine orange showed no reactivity and proved the loss 
of K88 production. 
Morphological analysis of K88 antigen (64, 96) showed this antigen 
to be a thin, flexible protein, with a diameter of 2.1 nanometers . 
Chemically, K88 antigen is soluble at pH 6.8 and has a subunit 
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molecular weight of 26,500 daltons. Subunits of fimbrial adhesins are 
proteins identical in structure and function that assemble on the 
outside surface of the bacterial cell. There is conservation of the 
amino acid sequence for necessary secondary and tertiary structure of 
the protein (53). The primary amino acid sequence of each fimbrial 
type is different since this is responsible for antigenic variation 
(27). 
Smith and his colleagues (91, 92, 93) provided experimental 
evidence that K88-producing &. coli caused enteritis in neonatal swine 
but not in calves or lambs . These investigators found that piglets 
with diarrhea had colonization of the anterior small intestine by K88-
producing &. coli . Smith and Halls (91) concluded that for ~ . coli to 
cause diarrhea it also must produce enterotoxin (Ent+) along with the 
K88 adhesin . Smith and Linggood (94) found isolates lacking K88 (K88-) 
and possessing the ability to secrete enterotoxin were fed to piglets. 
There was a lower incidence of diarrhea among those animals fed K88-
Ent+ cultures than those fed K88+ Ent+ cultures. This was confirmed 
later by a study that removed the K88 plasmid from &. coli and 
introduced the strain into weaned pigs. Subsequently, disease was not 
produced in the animal host. When K88 was reintroduced into the &. 
coli, the bacterium was able to produce diarrhea. Further 
investigation of ETEC possessing the K88 adhesin showed disease 
resulted from attachment and proliferation on the intestinal v illus 
(93, 48). 
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The K99 antigen was first described in 1972 by Smith and Linggood 
(94). This antigen was expressed on enteropathogenic Escherichia coli 
strains causing diarrhea . They reported Sojka had isolated calf and 
lamb enteropathogenic strains with different 0 antigen types, but 
possessing a closely related or common K antigen (Keo ). Strains 
expressing this antigen were found to proliferate in the small 
intestine, unlike strains possess ing K88 that were found in the 
anterior small intestine . Organis ms possessing the Keo antigen were 
found to attach to calf intestinal villi in the same manne r as K88 
attaches to swine intestinal villi (9). 
Serological analysis by Orskov et al. (82) revealed this antigen 
to be different from those previously known and proposed the Keo 
antigen be designated as K99. K99 was found to be a protein (42, 82). 
Purification and characterization studies by Isaacson (42) using 
refe r ence strain B41 which expressed K99, f ound the antigen to be 
composed of two subuni ts. These subuni ts were cationi c with a 
molecular weight of 22,500 and 29,500 and a pl of 10. Isaacson also 
found that sheep and horse erythrocytes were h emagglutinated by strains 
expressing K99 and that K99 - producing strains adhered to porcine 
intestinal epithelial cells in vitro (43 ). This finding was in 
contrast to earlier reports by Morris et a l . (67, 68) that K99-
producing strains agglutinated guinea pig erythr ocytes in addition to 
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sheep and horse erythrocytes. Morris found the fimbrial subunits had a 
pl of 4.2. They also discovered an anionic component present on 
reference strain B41 in addition to the cationic component reporte d 
earlier . Subsequent study of strains producing K99 fimbriae was 
carried out by De Graaf et al . (19) and the subunit size of the 
cationic component was measured as 18, 500 daltons, with a pl of 9.5. 
These data were in agreement with lsaacson's findings and 18,500 
daltons is now the accepted size. 
Morris et al. (70) explained the differences in published results 
concerning K99 by comparing isolation procedures . The K99 antigen that 
precipitated with ammonium acetate (42) was found to agglutinate horse 
and sheep erythrocytes in contrast to the acid precipitated antigen (9, 
67) that agglutinated these and guinea pig erythrocytes. Both methods 
used B41 as the host strain for K99 isolation. Investigators were 
using different isolation methods to obtain the K99 antigen. Since one 
isolation procedure employed the use of a basic solution and the other 
procedure used an acidic solution, to compare which purification 
procedures were better was not possible . Since ammonium acetate favors 
K99 precipitation, the anionic protein remained in solution and only 
sheep and horse erythrocytes were agglutinated. Under acidic 
conditions the anionic component was preferentially precipitated (70). 
This anionic component was later named F41. 
Like the K88 genes, K99 genes were found to be encoded on a 
transmissible plasmid (94). These experiments used~ . coli Kl2 
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recipient strains (K99-) and calf and lamb enteropathogenic strains 
expressing Keo. To test if expression of K99+ antigen could be lost, 
cultures were treated with acridine orange as described previously for 
K88. To confirm transfer and lack of expression of genes, adhesion to 
ligated calf intestinal loops was used as a testing system. Bacteria 
lacking the plasmid adhered poorly to calf epithelial cells in contrast 
to bacteria expressing K99+ antigen . 
The F41 antigenic type was characterized by De Graaf and Roorda 
(21) . They described a spontaneous mutant of B41 (B41M) that did not 
react with K99 antiserum and produced only the anionic antigen 
(discussed above) . The adhesin was named F41 (69) and found to be a 
protein like the other adhesins previously described . The F41 subunits 
were 29,500 daltons and had a pl of 4.6 . 
The B41M strain was not the only F41-producing organism 
investigated . Some atypical ETEC isolated from outbreaks of diarrheal 
disease in piglets failed to produce the three common fimbrial 
antigens- K88, K99, or 987P (1, 65, 98) . These isolates were r eferred 
to as 3p- strains (F41 in later studies) since they did not react with 
antiserum specific for the three common fimbrial antigens previously 
mentioned. Isolates with F41 adhered to the villi in in the lower 
small intestine of neonatal pigs (65). In calves and lambs F41 
isolates appeared to colonize the lower small intestine, similar to 
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K99. 
Moseley et al. (72) isolated the genes encoding F41. Using DNA 
probes derived from K88, K99 and F41 subunit genes they screened calf 
and swine diarrheal isolates . Results of the screening indicated that 
several strains exhibited homology with both K88 and F41 probes 
indicating possible genetic relatedness of the fimbrial genes . Some 
strains were found to contain both the K99 and F41 genes upon 
hybridization with the respective probes. This result was significant 
since this was the first indication there were plasmid-encoded and 
chromosomally-encoded fimbrial genes present in the same isolate. 
Incidence of F41 in calf and lamb diarrheal outbreaks has not b een 
studied. As stated previously, F41 is commonly found on ETEC strains 
also producing K99. This makes it difficult to detect strains 
expressing F41+ antigen exclusively . Detection of ETEC strains 
expressing F41 has relied upon serological identification. A more 
sensitive detection system has been used for F41+ strains through the 
use of DNA probe hybridization . Although this method can be used to 
detect F41 DNA in an ETEC strain, it is not reliable since these prob es 
will also hybridize with K88 genes . 
The 987P antigen was first discovered on neonatal porcine EPEC 
lacking K88 antigen (45, 75, 76). This was a previously undescribe d 
antigenic type that caused diarrhea and was produced by the EPEC strain 
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987. These investigators observed that after a few passages on agar 
plates, these bacteria did not adhere to isolated intestinal epithelial 
cells or react with antiserum in vitro . Conversely, these ~. coli 
strains adhered to porcine epithelial cells in vivo causing disease. 
These strains were found to produce low numbers of fimbriated cell s and 
were introduced into hysterectomy-derived colostrum deprived piglet 
hosts . Following reisolation, there was an approximately SO-fold 
increase in 987P fimbrial production. The adhesin present on ~. coli 
strain 987 was named 987P . Nagy et al. (76) explained that growth 
conditions were responsible for the differences in adhesiveness between 
in vitro cultures and in vivo~. coli 987 strains . When bacteria were 
passaged through a porcine host the 987 bacteria isolated were richly 
fimbriated , possibly due to available nutrients and low oxygen tension. 
On laboratory media, 987 bacteria tended to lose their ability to 
produce fimbriae, and thus lost their adhesiveness. Therefore, they 
concluded that fimbrial production was a trademark of virulence among 
~ - coli 98 7 strains. 
Purification and further characterization of 987P fimbriae were 
carried out by Isaacson and Richter (46). Morphologically, 987P 
fimbriae have a rigid structure identical to Type 1 fimbriae . 
Differences were found in subunit size; the molecular weight of 987P 
subunits was found to be 20,000 daltons and that of Type 1 was found to 
be approximately 18,000 . The isoelectric point of 987P and Type 1 
subunits are similiar at 3.7 and 3.9, respectively . Bacteria 
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expressing 987P failed to hemagglutinate erythrocytes from any of 
several animal species (45, 46) in contrast to Type 1 fimbriae (13, 14, 
26). Although hemagglutination with untreated erythrocytes does not 
occur with 987P fimbrial antigen, a recent report by Ike et al. (4lb) 
found erythrocytes pretreated with gluteraldehyde could be agglutinated 
by 987P fimbrial antigen. Erythrocytes from guinea pigs and chickens 
reacted strongly at the highest dilution . They postulated that the 
receptor for 987P fimbriae exists on the inner side of the erythrocyte 
membrane and glutaraldehyde treatment exposes the receptor . 
Incidence of 987P among porcine diarrheal outbreaks has been 
addressed in the same studies as those mentioned previously concerning 
K88 (4, 103). Demonstration of 987P on ETEC strains found in porcine 
diarrhea has relied on serologic testing. Like F41, sensitive 
detection of 987P genes will probably be through the use of DNA probes 
specific for those fimbrial genes. 
Genetics of 987P fimbriae 
Intestinal colonization by porcine ETEC strains bearing 987P 
fimbriae has been investigated (31, 44, 45, 76). Manipulation of~ ­
coli 987 suggested fimbrial genes were chromosomally-encoded since the 
subunit purification procedure and morphology resembled Type 1 fimbriae 
(65b). Fimbrial phase variation is characteristic of strains belonging 
to the 987 group (65a, 76). Because of this ability to "switch" from 
fimbriated to non-fimbriated forms, Brinton (5) suggested the genes for 
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987P fimbrial production were similiar to Type 1 genes. Type 1 
fimbriae exhibit fimbrial variation and are common among bacteria 
inhabiting the mammalian intestine . The genes encoding the Type 1 
subunit reside on the chromosome and Brinton postulated the genes for 
987 also must reside on the chromosome . In 1986 , Morrissey and Dougan 
(71) cloned chromosomal DNA from an ~. coli strain producing 987 
fimbriae into a K-12 host and were able to detect expression of 987 
fimbriae on the host cell surface. Precise location of the 987P 
fimbrial genes has not been reported , although it is generally accepted 
they reside on the chromosome. 
Pedersen et al . (85) compared the 987P amino acid sequence of the 
amino terminal end of the protein subunits of different fimbrial t ypes 
found in animal and human diarrheal disease. Little homology exis ted 
between the antigenic types investigated. Comparing 987P and Type 1 
amino acid sequences indicated no homology between their protein 
sequences. Since these sequences were unique to each fimbrial type, a 
synthetic oligonucleotide probe was engineered that was specific for 
the 987P subunit genes. De Graaf and Klaasen (18) described the 
nucleotide sequence of the gene encoding the 987P fimbrial subunit. 
Mature subunits were approximately 17,200 daltons while the subunit 
precursor contained a 21 or 23 amino acid signal sequence . They 
compared the primary structure of the 987P subunit with the amino acid 
sequence of other fimbrial subunits and found significant homology 
between 987P and Type lA and Type lC strains. Complete nucleotide 
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sequencing of a 954 base-pair Dral-Clal fragment of the 987P subunit 
gene revealed a ribosome binding site and -10 and -35 promoter 
consensus sequences . 
Organization and expression of 987P fimbrial genes was examined by 
De Graaf and Klaasen (17) . They cloned a segment of the chromosome 
from an ~. coli strain expressing 987P into a cosmid vector and 
subcloned into a plasmid vector . ~- coli minicells containing the 
recombinant DNA expressed 5 polypeptides associated with 987P 
production. Location of the genes encoding for the polypeptides was 
determined by insertional mutagenensis, using transposon Tn2, and 
restriction endonuclease mapping . A 12,000 base-pair fragment was 
found to contain genes for proteins with molecular weights ( in daltons ) 
of; 81,000, 39,000, 28,500, 20,500, and 16,500. 
De Graaf and Klaasen compared the size and function of 987P 
polypeptides to other fimbrial type polypeptides whose function was 
already known. The largest protein of 81,000 daltons probably serves 
to "anchor" growing fimbriae or transport fimbrial subunits to the 
outer surface of the cell. The function of the 39,000 dalton protein 
is not yet known. Tn2 insertional mutagenesis in the 28,500 dalton 
polypeptide gene causes degradation of the mature fimbrial subunit. 
Therefore, the 28,500 dalton polypeptide probably is responsible for 
transport of the subunit through the peripl asmi c space. Through the 
use of minicell preparations and serological screening, t he 20,500 
dalton protein was found to be the 987P subunit. Although a 16,500 
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dalton polypeptide was detected, the gene encoding for it was not 
located . De Graaf and Klaasen suggest this protein is either a 
degradation product of a polypeptide previously mentioned or is rapidly 
degraded when there is a deficiency of another mature polypeptide. 
Use of diagnostic DNA probes 
Use of DNA probes to detect genes encoding virulence traits 
important in human diseases has increased in recent years with the 
advent of improved molecular biology techniques (97) . In veterinary 
diagnostics, progress has been slower in developing DNA probes for 
detecting pathogenic traits of bacteria . The idea of using DNA 
encoding for all or part of a virulence trait to detect the presence of 
those traits in a pathogenic organism is precise . This screening 
technique concentrates on finding nucleic acids that are always present 
as opposed to their gene products that are detecte d in biochemical 
assays . The first reported use of DNA as a probe for virulence factors 
in ETEC was by Moseley et al . (73) . Radiolabeled fragments of DNA 
encoding heat-labile (LT) and heat-stable (ST) toxins were used to 
screen ETEC isolates from human and animal diarrheal outbreaks . The ST 
probe was sensitive enough to detect two heterologous types of ST among 
human isolates . These findings were confirmed by other investigators 
(8 , 36, 52a) . 
Currently only probes detecting ETEC toxin genes are available for 
veterinary diagnostic use . There have been two recent reports on the 
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u se of genes encoding for fimbrial subunits as DNA probes. Lanser and 
Anargyros (56) utilized the DNA from recombinant strains, containi ng 
the subunit genes of K88 and K99 , as probes. They screened 645 ~. coli 
isolates from a variety of animal sources. Strains were tested for K88 
variants and K99 by enzyme immuno assay (EIA) testing . Comparisons 
between DNA hybridization and EIA, and DNA hybridization and slide 
agglutination were made. Results of these comparisons found agreement 
with the DNA hybridization , and the slide agglutination and EIA tests 
with the K99 adhesin . The DNA hybridization was more sensitive in 
detecting K88 adhesin t h a n the other two tests. Lanser and Anargyros 
concluded the use of DNA probes was more sensitive than the other tests 
mentioned since any change in environmental factors may affect the 
r esults of t hese tests . 
Another use of DNA probes to detect ETEC adhesins was reported by 
Mai nil et al . (60). They used a 500 base-pair probe to detect the loss 
of gen es encoding the 18,200 dalton K99 subunit. Neonatal pigs were 
inoculated with a K99-producing ~. coli strain and fecal samples 
collected. Co l onies of thi s strain were re-isolated from the feces. 
Recovered colonies were scr eened for presence or absence of K99 subunit 
genes u s ing the K9 9 -de r ived 500 base-pair DNA probe . Twenty to thrity-
six percent of the isolates recovered 3 to 5 days after i nocul ation 
we re variants . The varia n ts were determined by the l ack of 
hybridization with the 500 base-pair probe. This may have indi cated a 
selective advantage for strains having lost t h e K99 genes. 
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Other DNA probes recognizing K88, K99, and F41 fimbrial subunit 
genes are used for screening diarrheal outbreaks in some laboratories. 
These probes have yet to become commercially available. 
Escherichia coli bearing 987P fimbriae can be isolated from 
porcine neonatal diarrhea cases. It is possible 987P fimbriae also 
play a role in post-weanling diarrheal disease in swine. Death loss of 
piglets due to these diarrheal diseases is of economic importance to 
the swine industry . Therefore , it would be advantageous to have a DNA 
probe specific for 987P strains to study the incidence of 987P fimbriae 
in porcine diarrheal outbreaks. 
Morrissey and Dougan (71) recently cloned the genes encoding for 
987P into cosmid vector pHC79 and named the recombinant pPM200 . The 
objectives of the research described in this thesis were to subclone 
987P genes from pPM200 and develop a highly specific probe for use as a 
diagnostic reagent . 
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MATERIALS AND METHODS 
Bacteria 
Bacterial strains HB101 (61), JM107 (105), and DHl (61) were used 
in this study as a host for plasmid transformation. Other bacterial 
and recombinant strains are listed in Table 1. 
Media 
Bacteria were routinely grown in L broth or on L agar (63) unless 
otherwise specified . Special media for static cultures included: 
Trypticase Soy Broth , Z-1 (77), and M-9 minimal media (63). Cells 
containing pBR325 or its derivatives were selected and maintained in 
the presence of 100 ug\ ml ampicillin. Amplification of plasmids was by 
the addition of chloramphenicol 170 ug\ ml to the culture medium. 
Enzymes 
Restriction endonucleases, T4 DNA ligase, T4 kinase, and buffer 
were purchased from Bethesda Research Laboratories (BRL, Bethesda, MD). 
DNA was digested, ligated, and kinase labeled according to 
manufacturers directions. Plasmid pBR325 was dephosphorylated with 
excess amount calf alkaline phosphatase (Boehringer Mannheim, West 
Germany) using the method of Maniatis et al . (61). 
24 
Table 1. Bacterial Isolates Used in Colony and Dot Blot 
Hybridization 
Strain Sero type Source Fimbrial Type 
987 09:Kl03:NM Swine 
1413 020:K?:NM Swine 
1636 08:K85:NM Swine 
1635 Ol4l:K?:NM Swine 
1879 ? Swine 
1786 ? Swine 
1682 0- :K76:NM Swine 
1722 09:K+ :NM Swine 
2040 O?:K? ? 
1476 O?:K? ? 
2041 0157:K? Swine 
1472 09:K30:NM Calf 
1474 O?:K? ? 
1471 OlOl :K? Calf 
431 010l:K30 :NM Swine 
1751 Ol0l :K27:NM Swine 
1706 Ol0l :K30:NM Swine 
1676 Ol0l:K30:NM Swine 
Hl0407 078:K80 :Hll Human 
123 043 :K- :H28 Swine 
1475a ? Human 
1794 ? ? 
HB10l(pHC79) 
HB10l(pSI..M204)b Recombinant 
DS912(pMK005)c Recombinant 
C600(pFK99)d Recombinant 
a~. coli K-12 parent strain of 1474 and 1476. 
bReference 72. 
cReference 51. 
dReference 20. 
987P 
987P 
987P 
987P 
987P 
987P 
987P 
987P 
987P 
K88ac 
K88ac 
K99 
K99 
K99, F41 
K99, F41 
F41 
F41 
F41 
CFAI 
? 
Type 1 
Type 1 
Type 1 
F41 
K88 
K99 
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Plasmid and chromosomal DNA extraction 
All plasmids were amplified as described above, and extracted by a 
modified method of Clewell and Helinski (11). Cells were harvested in 
a Sorvall RC-SB centrifuge using a GSA fixed angle rotor at 10,000 x g 
for 15 min at 4°C. Cells were resuspended in 10 ml cold 25% sucrose 
and 0.05 M Tris hydrochloride (pH 8.0). Lysozyme (10 mg\ml) and 2.0 ml 
0.5 M EDTA (pH 8.0) was added simultaneously and the mixture kept on 
ice for 45 min . After lysis, 13 ml of detergent solution containing 
10% Triton X-100 (Sigma Chemical Co. , St. Louis, MO), 0.05 M Tris 
hydrochloride (pH 8 . 0), and 0 . 0625 M EDTA was added. After 45 min in 
an ice bath, the lysate was spun in a Sorvall centrifuge using an SS-34 
rotor at 36,000 x g for 30 min at 4°C. The supernatant was recovered 
and plasmids purified by ethidium bromide-cesium chloride density 
gradient centrifugation (61). Rapid extraction of plasmid DNA was by 
the method of Birnboim and Doly (2b) or minipreparation method of 
Holmes and Quigley (38). Chromosomal DNA from cells was extracted 
using the method of Hull et al. (4la) . 
Analysis of DNA 
Approximately 0.5 ug of DNA was digested with an excess amount of 
enzyme according to manufacturers specifications. Unl ess otherwise 
stated, electrophoresis of DNA was in 0.7% agarose (SeaKem GTG Agarose, 
FMC BioProducts, Rockland, ME) on a horizontal gel unit at 50 V for 6 
hours in Tris-Borate buffer (0.089 M Trizma base, 0.089 M Boric acid, 
26 
0.002S M EDTA, pH 7.S). Separation of DNA fragments was in a S % 
acrylamide gel (Bio-Rad, Richmond, CA) at a concentration of 40 1 
acrylamide to bis-acrylamide (Bio-Rad, Richmond, CA) on a vertical gel 
unit. Acrylamide gels were run at SO V for 4.S hours. 
Gels were stained 30 min with ethidium bromide 10 ug\ml in dH20. 
Transformation procedure 
Transformation, using plasmid DNA, was performed by a modification 
of Lederberg and Cohen (S7). Cells were harvested in a Sorvall RC-SB 
centrifuge using an SS-34 fixed angle rotor at 6000 x g for 10 min at 
4°C. Cells were resuspended to their original volume in 0 . 1 M CaCl2 
and O. OS M MgCl2 and centrifuged as described above . Cells were 
resuspended to half original volume in 0 . 1 M CaCl2, incubated in an ice 
bath for 10 min and centrifuged as above. Cells were resuspended in 
2.S ml 0 . 1 M CaCl2 and DNA was added. The mixture was chilled 20 min 
in an ice bath and heat shocked S min at 44°c. Approximately 3.0 ml 
pre-warmed LB broth was added and the transformed cells incubated in a 
shaker water bath at 37°c for 90 min. 
Slide Agglutination 
Colonies checked for the presence of fimbriae on their surface 
were picked with a toothpick and mixed with SO ul Tris-EDTA buffer on a 
glass slide. A 1 : 100 dilution of rabbit antiserum prepared against 
987P fimbriae (76) was added in equal volume and mixed thoroughly with 
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the bacterial cell suspension. Agglutination was read after placing 
the slide on a horizontal platform shaker for 5 minutes at room 
temperature. 
Preparation of synthetic probe 
Synthetic oligonucleotide probes were generated on a DNA 
synthesizer (Biosearch Inc., Model 8750, New Brunswick Scientific Co., 
San Rafael, CA) by Dr . Thomas Casey. Probes were synthesized and 
purified according to manufacturers specifications. Probes were 
radiolabeled by adding 1 ul DNA (100 ng \ ul) , 1 ul lOX kinase r eaction 
buffer (61), 1 ul [ y-32P]ATP, 7 ul d.H20, and 1 ul T4 kinase (BRL, 
Bethesda, MD). The mixture was incubated for 1 hour at 37°c and the 
reaction stopped by addition of 5 ul 0.5 M EDTA and 100 ul d.H20 . The 
solution was passed through a small column of G-25 Sephadex 
(Pharmacia, Piscataway, NJ) column to remove unincorporated label. 
DNA Unblot Method 
Preparation of agarose gels and reagents used in the unblot method 
were performed according to Meinkoth and Wahl (62) . Gels were dried on 
a Drygel Sr. (Hoeffer Scientific Instruments , Model 1160, San 
Francisco, CA) at 52°C for 1. 5 hours. 
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Preparation of DNA probes from pPM200 
Plasmid pPM200 was digested with enzymes Hindlll and Sall 
according to manufacturers specifications. Each fragment was separated 
by electrophoresis, stained with ethidium bromide and observed under an 
ultraviolet light source as described above. Each fragment was 
extracted from the gel by making a cut ahead of the band and inserting 
NA-45 anion exchange paper into the gel (Schleicher and Schuell Inc., 
Keene, NH). Fragments were electrophoresed into paper by applying 100 
V through the gel for 10 min. Under hand-held ultraviolet light, 
excess paper was removed around fluorescent material. Paper was placed 
in 200 ul of a solution containing 1.0 M NaCl, 0 . 1 M EDTA and 0.02 M 
Tris hydrochloride (pH 8.0), and eluted by incubating 20 to SO min at 
6S 0 c. The DNA was concentrated with one volume of n-butanol, the 
aqueous layer removed and the total volume increased to 500 ul with 
dH20 . DNA was precipitated with two volumes 95% ethanol and 
resuspended in 50 ul Tris-EDTA buffer (0.01 M Tris HCl, 0.001 M EDTA, 
pH 7 . 6). The DNA was extracted once with a 50:50 mixture phenol and 
chloroform and once with chloroform and precipitated as before. It was 
resuspended to a final volume of 20 ul in TE buffer. Fragments of 
pPM200 were labeled using [a -32P]ATP and [a -32P]CTP (Pharmacia 
Oligolabeling Kit, Pharmacia Chemicals, Piscataway, NJ). The labeled 
fragments were passed through a G-50 Sephadex (Pharmacia, Piscataway, 
NJ) column to remove unincorporated label. 
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Southern blot hybridization 
Southern hybridization was performed by the method of Maniatis et 
al . (61). Hybridization solution for DNA probes was according to 
Maniatis et al. (61). Hybridization solution for synthetic 
oligonucleotide probe contained 6X SSC, 5X Denhardt's solution, 1.0 mM 
EDTA (pH 8.0), and 2.0 mg calf thymus DNA (Sigma Chemical Co., St. 
Louis, MO) . The hybridization temperature for DNA and synthetic 
oligonucleotide probes was 37°C. All blots were washed twice in a 
solution containing 0 . 9 M NaCl and 0.09 M sodium citrate (pH 7.0) for 1 
hour each. The hybridization temperature was 65°C for DNA probes and 
40°c for synthetic probes . The X-ray films were exposed to the blot at 
-70C for varying lengths of time depending on probe activity. The 
films were subsequently developed. 
Colony blot hybridization 
Preparation and hybridization of colony blots was performed as 
previously described (72), except the neutralizing buffer consisted of 
a solution of 1.0 M Tris hydrochloride (pH 7.0) and 1.5 M NaCl. 
Conditions for hybridization of DNA probes and washing were the same as 
for Southern hybridizations. Radiolabel was removed from blots was by 
washing in 0.5 M NaOH for 30 minutes and then the blots were 
transferred to a solution of 2 X SSC and 0.1 % SOS (w/v) for 30 
minutes. Blots were air dried and stored at room temperature in sealed 
bags . 
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Dot blot hybridization 
Preparation and hybridization of nitrocellulose dot blots was 
performed by a modification of a procedure previously described (49). 
Cell suspensions were inoculated in a recorded pattern onto pre-
moistened filters on top of agarose plates and incubated for 4 hours at 
37°c. Cells were lysed by floating filters colony side up on a 
solution of 0 . 5 M NaOH for 5 minutes . The filters were removed and 
placed on fresh 0.5 M NaOH for the same time. The filters were then 
floated colony side up on a solution of 1.0 M Trizma base (pH 8.0) for 
5 minutes . This was repeated a second time with fresh buffer . Filters 
were neutralized by placing them colony side up onto a solution of 1 . 0 
M NaOH and 1.5 M NaCl for 5 minutes . The filte r s were dried under 
vacuum at 65°C for 1.5 hours . Conditions for hybridization of 
synthetic oligonucleotide probes and washing were the same as for 
Southern hybridizations . 
Recovery of DNA fragments from acrylamide gel 
DNA digest fragments were recovered from acry lamide gels using the 
procedure of Smith (90 ) . 
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RESUL'lS 
Instability of pPM200 
Initial attempts at restriction digestion analysis of pPM200 
revealed several secondary digest fragments . These bands were 
initially thought to be partially digested plasmid DNA . Growth 
conditions were suspected as possibly contributing to instability of 
the plasmid. The recombinant strain containing pPM200 was inoculated 
into three types of media: Trypticase Soy Broth (TSB), M-9 minimal 
media, and Z- 1 broth . Each of the above media were supplemented with 
Ampicillin, inoculated, and left under static conditions. Static 
conditions enhance 987P fimbrial production. No pellicle formation was 
observed at the air-broth interface . Colonies were checked for 
fimbrial expression by slide agglutination with rabbit 987P antiserum. 
No colonies were found to express fimbriae. Electron micrographs of 
samples taken from TSB and M-9 minimal media static broth cultures 
revealed little or no fimbriae on the surface of the cell. 
The digestion parameters were changed to attempt to eliminate 
partial digestion of pPM200. These parameters included: diluting the 
DNA preparation, altering restriction enzyme buffers, preparing fresh 
enzyme buffer, extending incubation time, amplification versus no 
amplification in large scale plasmid preparation, and testing enzymes 
for reactivity. Comparison was made between plasmid preparations of 
the pPM200 recombinant originally received and a recent preparation. 
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None of these modifications eliminated the unidentifiable fragments . 
Stability of pPM200 in a different host strain (&. coli DHl) was 
compared to the stability of pPM200 in HB101. After introduction of 
pPM200 into DHl, fimbrial expression was detected by agglutination with 
antiserum against 987P. Initial results using restriction enzyme 
digestions revealed DHl(pPM200) to be a stable recombinant until 
prepared in large scale culture. Subsequent digestion and 
electrophoresis of pPM200 revealed partial digest fragments again, 
a l though the bands were not the same sizes as previously observed from 
the recombinant prepared from HB101 . A preparation of plasmid pPM200, 
kindly provided by Robert Schneider, was found to give a stable 
digestion pattern and was used throughout the remainder of the study. 
Synthetic probe 
Three DNA oligonucleotide sequences were synthesized based upon 
the published amino terminal sequence of the 987P subunit genes. These 
sequences were kinase-labeled with 32p and used as probes to screen 
unblots and Southern blots. Restriction enzyme digests of 987P 
chromosomal DNA and pPM200 were electrophoresed and t hree identical 
unblots made. Each of the three synthetic oligonucleotide probes was 
used to screen the unblots . The probe that hybridized the strongest 
was selected for further analysis. Results were checked by repeating 
the digests, performing electrophoresis, and Southern blotting. The 
same probe hybridized the strongest. This probe was use d to screen an 
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unblot of a gel containing pPM200 DNA digested with several different 
enzymes. The smallest band in the digests that hybridized with the 
synthetic oligonucleotide probe was a HindIII / Sall double digest of 
approximately 1.8 kb in size (Figure 1) . 
Subcloning of pPM200 
Recombinant pPM200 was digested with enzymes: BamHI, HindIII, 
BglII, Sall, EcoRI, and Pstl. The fragments were electrophoresed and 
an unblot was made of the gel. The unblot was probed with the 
synthetic oligonucleotide probe and a fragment in the HindIII / Sall 
digest (approximately 1.8 kb) hybridized . To isolate this fragment, 
pPM200 was subcloned into pBR325 . 
The ends of the 9 fragments in the HindIII and Sall double digest 
were identified as either HindIII / HindIII ends or HindI II / Sall. 
The vector pBR325 was digested with either HindIII or HindIII / Sall 
and resulting ends dephosphorylated . Insert fragments of pPM200 and 
vector pBR325 were ligated and transformed into either host strain 
HBlOl or JM107 and selected on ampicillin . Colonies from the 
transformation were transferred to an agarose plate in a pattern grid 
and colony blots were made from each plate . 
Each of the HindIII / Sall digest fragments was isolated and 
purified using anion exchange paper and radiolabeled. Each fragment 
was used as a probe to screen colony blots. Colonies exhibiting 
homology with the probes were subjected to a rapid plasmid screening 
Figure 1. Digestion fragments o f pPM200 hybridizing with the 
20-bp synthetic oliqonucleotide probe . 
• EcoRI I Bam HI 
Eco RI I Bg I II 
Sal I/BglTI 
Sall 
Bglll 
Hind.ID. 
• w Vl 
EcoRI/Sal I 
Hind m/Bgl .II. 
Hindfil/Sal I 
Hindfil/Bam HI 
Hindm/EcoRI 
EcoRI 
• BamHI 
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and electrophoresed. Colonies with single inserts were picked and 
stored at -70°c. In one instance a clone with a double insert had to 
be selected due to lack of a single insert. 
A single clone hybridizing with the 1.8 kb fragment probe was 
digested with Hind!!! / Sall and electrophoresed. A Southern blot of 
this ge l was probed with the synthetic oligonucleotide probe and did 
not hybridize with the inserted fragment . Subsequently, another double 
digest of the clone was made and electrophoresed at a higher voltage 
for a longer time . Closer observation of the fragments revealed 
another band of similiar size, differing in approximately 100 base-
pairs . To identify a clone with only the fragment of interest, 
colonies hybridizing with the double insert probe were screened with 
the synthetic probe by dot blot hybridization. Colonies hybridizing 
with the synthetic probe were subjected to rapid plasmid extraction and 
electrophore sed. Southern hybridization was performed to verify the 
presence of the fragment of interest. Plasmids from three colonies 
containing minimal number of fragments were digested, subcloned into 
pBR325 and transformed into JM107 . Plasmids were extracted from 
resulting colonies, electrophoresed, and Southern blots screened with 
the oligonucleotide probe . Several colonies carrying only the desired 
1.8 kb insert were identified. 
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Mapping of Hindlll and Smal sites in pPM200 
Single and double digestions with BamHl, EcoRl , Hindlll, Sall, 
Smal, and Xhol of pPM200 were performed. Digestion of lambda DNA with 
enzyme Hindlll was used as a standard for fragment size comparison. 
Determination of fragment sizes from digestions was by the method of 
Schaffer (89). A restriction map was derived from best-fit analysis of 
the fragment sizes (Figure 2). 
Manipulation of the 1.8 kb fragment 
The 1 .8 kb fragment was radiolabeled and used as a probe to screen 
colony blots containing 987P-expressing strains and strains not 
expressing 987P. Results of this screening proved this fragment 
detected 987P-expressing strains as well as other strains not 
expressing 987P (Figure 3). This 1.8 kb fragment was then digested 
with several enzymes and electrophoresed. A Southern blot of the gel 
was made and probed with the synthetic oligonucleotide probe. Four 
different fragments from four different enzyme digests (Alu!, HaeIII, 
~I, and Thal) of approximately 1.0 kb or less in size hybridized with 
the synthetic oligonucleotide probe. Three of the four digest 
fragments (Alu!, ~l, and Thal) were extracted from agarose gel with 
anion exchange paper and radiolabeled for use as probes. Colony blot 
hybridization using each of the three probe fragments again revealed 
hybridization with 987P-expressing strains and strains not expressing 
987P. The Hae!!! digest was electrophoresed in an acrylamide gel for 
I I I I I I 
XbH Sm HE H 
1.8 kb = 1 an 
Xb = XbaI 
H = HindIII 
Sm = SmaI 
E = F.coRI 
Xh = XhoI 
B = BamHI 
Sl = SalI 
SmSm 
I I I I I I I 
E Xh H E Sm B Sl HE 
Figure 2 . Restriction mapping s ites of HindIII and Sma r in pPM200 
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Figure 3. Colony blot filters probed with the 1.8 kb fragment. 
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better separation and recovery of the 520 base-pair fragment that had 
been found to hybridize with the synthetic oligonucleotide probe. The 
fragment was recovered from the gel and radiolabeled for use as a 
probe. Colony blots used in the three previous fragment screenings 
were probed with the HaeIII digest fragment. The HaeIII fragment 
hybridized with the 987P strains as well as with other strains not 
expressing 987P on their surface (Figure 4) . The HaeIII fragment 
proved to be more specific than the other three fragment probes (Alul, 
~I, Thal) tested. Specificity of the HaeIII digest fragment was 
checked using the synthetic oligonucleotide probe on the same colony 
blots previously used. Results of this screening demonstrated it is 
not possible to use this synthetic oligonucleotide probe on colony 
blots because it washes off the filter. Dot blot hybridization using 
the synthetic oligonucleotide probe was performed. Results of this 
screening revealed non-specific binding of the probe to 20 of the 26 
strains on the dot blot . Stringency conditions were altered and the 
dot blot was washed twice again at 42°C . Exposed film of the dot blot 
revealed most of the probe was removed from all strains on the filter 
during the second wash. 
A second synthetic probe was made from the published nucleotide 
sequence of the 987P fimbrial subunit reported by De Graaf and Klaasen. 
This probe was composed of a 21 base-pair sequence encoding for the 
amino terminal end of the fimbrial subunit genes . There was a 2 base-
pair difference between the 20 base-pair synthetic oligonucleotide 
Figure 4. Colony blot filters probed with the HaeIII fragment. 
Bacterial strains listed in Table 1 
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A: 20 bp synthetic probe sequence 
GC.I CCQ GCT GAA AAC AAC AC 
B: 21 bp synthetic probe sequence 
GCQ cc~ GCT GAA AAC AAC AAC 
Figure 5. Synthetic oligonucleotide probes. Sequence A based upon 
987P amino acid sequence publis h ed by Pedersen et a l ., 
1986. Sequence B based upon 987P nucleotide sequence 
published b y De Graaf and Klaasen, 1987 
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sequence previously used and the new 21 base-pair synthetic 
oligonucleotide sequence (Figure 5). The probe was used to screen 2 
Southern hybridization filters . One Southern hybridization filter 
contained DNA from 987, HBlOl, pPM200 , the l.8kb fragment, and strains 
that were K88, K99, or F41 positive. The other Southern hybridization 
filter contained the Haelll fragment thought to contain the 987P 
fimbrial subunit genes. This synthetic probe did not hybridize to DNA 
present on either filter. A new 21 base-pair synthetic oligonucleotide 
probe containing the same sequence as the 21 base-pair probe mentioned 
above was prepared. This second probe was purified more carefully than 
the one made previously . Anothe r Southern hybridization filter was 
prepared containing pPM200, HBlOl, the 1 . 8 kb fragment, HaeIII 
fragment, and a 987P strain . This filter was probed with the new 21 
base-pair probe. The synthetic probe hybridized with strain 987, 
pPM200, and the 1.8 kb fragment from the Hind!!! / Sall digest of 
pPM200 (Figure 6) . 
Figure 6. Southern blot filter containing digests of DNA from 
bacterial strains. Filter probed with the 21 -bp 
synthetic oligonucleotide probe 
t -
, 
987 Hindm/Sol I 
• HBIOI Hind.Ill. /Sol I 
pPM 200 Hind m~II 
1.8 kb Fragment 
Haem Fragment 
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DISCUSSION 
Cosmids are derivatives of bacteriophage lambda that retain the 
cos (cohesive end sites) of lambda yet lack a large portion of non-
encoding DNA. Cosmids became very popular because they offered several 
advantages as cloning vectors . They offer several different 
restriction enzyme sites for insertional inactivation as well as the 
ability to clone large fragments of foreign DNA for a cDNA library . 
Cosmid pHC79 (37) is approximately 6.4 kb with a cloning capacity of 
29-46 kb and has a high replicative copy number of 50 per cell. The 
recombinant plasmid pPM200 was constructed by inserting DNA from ~­
coli strain 987 into cosmid vector pHC79 and transforming into ~. coli 
host HBlOl (71). The r ecombinant plasmid pPM200 contains an 
approximately 33 kb insert of ~- coli 987 chromosomal DNA . 
Initial restriction digestion and subsequent electrophoresis of 
the fragments of pPM200 revealed the presence of several secondary or 
"ghost" bands . A normal restriction digestion pattern would reveal a 
gradual dimunition of intensity as the molecular weight of the 
fragments decreases. Secondary digest fragments are usually observed 
as fainter bands interspersed with the darker, more prominent bands. 
The secondary digest fragments result from problems with the DNA , not 
the enzymes utilized. These undesirable bands could be explained by 
one of two theories : Either there was a partial digestion of pPM200 or 
the plasmid was unstable. Partial digestion of plasmid or low 
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molecular weight DNA can be accomplished experimentally by taking 
aliquots of the digestion mixture and inactivating the enzyme at 
periodic intervals (86). High molecular weight DNA (chromosomal DNA) 
requires extended incubation periods because the restriction sites are 
not readily available for enyzmatic cleavage. Since pPM200 is not high 
molecular weight DNA, extending the incubation period should have 
eliminated the undesirable secondary fragments. After increasing the 
incubation time to 2 hours, the secondary bands were still visible upon 
electrophoresis. This suggested pPM200 was unstable. 
The host &. coli strain HB101 carrying pPM200 expresses 987P 
fimbriae on its surface . The fimbriae can be detected with electron 
micrographs and by agglutination with antisera specific for 987P (71). 
Electron micrographs and serologic testing were carried out on the 
stock laboratory strain of HB101 containing pPM200. It was determined 
that the laboratory strain of HB10l(pPM200) was not expressing 987P 
fimbriae. 
Growth conditions of &. coli 987 are an important contributing 
factor to the production of this fimbrial type. Isaacson et al . (45) 
found 987P-expressing strains form a pellicle at the broth interface 
when inoculated into Trypticase Soy Broth and incubated over 24 hours 
under static conditions. Alteration of previous growth conditions was 
attempted with HBlOl (pPM200) to stabilize the recombinant plasmid and 
promote expression of 987P on the host surface. These efforts did not 
induce pellicle formation nor remove the secondary bands present in 
so 
restriction digest analysis. 
It is possible that pPM200 became unstable sometime between the 
initial studies by Morrissey and Dougan and manipulations in this 
laboratory. A closer examination of HB101 genotype revealed it 
contained a mutation in the recA gene . The new host strain E. coli DHl 
was chosen since it also contained a recA mutation . This DHl recA 
mutation is in a different allele than the HB101 recA mutation. It was 
thought that by introducing pPM200 into a new host, plasmid pPM200 
would stabilize and normal fimbrial expression occur. Restriction 
enzyme analysis of DNA from the new DHl transformants again revealed 
the presence of partial digest bands . Therefore , it was possible that 
pHC79 could not replicate E. coli 987P fimbrial genes . Subsequent 
subcloning of the fimbrial genes was thought necessary . 
Cosmid instability has been observed by several investigators (lS, 
SO, S9). Cosmids may be unstable with or without insert DNA. Kaiser 
and Murray (SO) state that some cosmids are affected by DNA insert size 
and this affects their ability to reproduce effectively. The larger 
the insert DNA size , the more unstable the recombinant clone becomes. 
This unstable recombinant, reproducing inefficiently, results in 
deletions in the cloned DNA. As stated previously, recombinant pPM200 
contains a 33 kb insert which cosmid pHC79 should be capable of 
replicating without problem. There are possible explanations of the 
inability of pHC79 to replicate 987P fimbrial genes. A large insert 
DNA fragment would alter the cosmid from a high to low copy number 
51 
entity. The proteins necessary for replication of high copy number 
plasmids may be different than those required for faithful replication 
of low copy number plasmids. Therefore, there would be fewer plasmids 
per cell and these would be further reduced in number through host cell 
replication. Another possible explanation for cosmid instability is 
that the proteins responsible for replicating the cosmid vector are not 
recognizing certain sequences and terminating when reading a sequence 
of foreign DNA. This may account for the different size fragments in 
the digest corresponding to different lengths of 987P insert DNA. 
Other investigators have found some cosmid vectors are unstable 
and will spontaneously rearrange 1-5% of the time (15, 59). Little 
(59) theorizes that cosmids may cause host cell growth to slow, 
generate repressor binding sites , or generate inverted duplications 
leading to instability of cosmid recombinants . Perhaps host strains 
HB101 and DHl possess proteins that cause instability of pHC79 by not 
allowing faithful replication. These proteins may not be endonucleases 
but proteins that bind to promoter sequences or RNA polymerase binding 
sites. The recombinant would slowly break down over time due to its 
large size and fragments would result. 
The presence of digestion fragments of different molecular 
weights suggests the possibility of two populations of plasmids. 
Comparing fragment sizes from the same enzyme for different plasmid 
preparations resulted in a variety of fragment band patterns be ing 
observed. Only a few bands were consistently observed from all 
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digestions. Secondary bands were rarely present in the same location 
from one digest to another. It is possible that the second population 
of p lasmids consisted of deletions of insert DNA and, subsequently, the 
sites for endonuclease activity were altered . The deletion of DNA may 
have resu lted in a loss of an endonuclease digestion site. This could 
have resulted in the production of different size fragments from the 
plasmid DNA. 
Explanation of pPM200 instability would involve require further 
investigation . Two possible experiments may provide information on 
pPM200 instability . First, preliminary investigation into the number 
and size of secondary fragments present may employ the use of a 
densitometer . Digestions of pPM200 could be electrophoresed and 
photographs taken for measurement on the densitometer . Densi t ome t er 
readings from negatives of the photographs would measure the intensity 
of the secondary bands (along with the primary bands ) which gives a 
quantitative analysis of a particular fragment present in the digest. 
When several densitometer measurements were taken from similar 
digestions the graphed results could be superimposed for comparison. 
The conditions of electrophoresis and the amount of DNA present in the 
digest must be standardized in order for the comparisons to be 
accurate. This information would reveal if the postulated recombinant 
breakdown were always in the same region or if it were a random 
occurrence . Secondly , determination of sequences at the end of t he 
undesirable secondary fragments would provide useful informa tion 
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although the procedures would be very time consuming. It would be 
necessary to isolate these secondary fragments. Once the fragments 
were purified, their nucleotide sequences could be determined. This 
procedure would need to be repeated several times to insure that 
fragment sequences remained consistent and that there were no changes 
in the fragment length . A comparison of the sequences could explain if 
the breakdown in the recombinant was a random event or specific for 
certain sequences. 
Synthetic oligonucleotide probes have proven useful in the study 
of a number of bacterial and viral pathogens (97 ) . To subclone only 
those genes encoding for the 987P subunit, a probe specific for 987P 
genes was needed. Pedersen (85) published the amino acid sequence of 
the amino terminal end of different fimbrial subunit t ypes . Comparison 
of the different fimbrial sequences revealed almost no homology of any 
other fimbrial type with the 987P sequence. The first seven amino 
acids were chosen for the oligonucleotide probe sequence. Since there 
is degeneracy from the protein to the nucleic acid codon, two of the 
amino acids had several possiblities for the last nucleotide position 
in the triplet. Nucleotides filling these positions were chosen on the 
basis of results obtained from a computer assistance program. The 
program PCGene (IntelliGenetics, Mountain View, CA) contains a file 
CDUSAGE that was employed. This program provides information on the 
relative amounts of the 4 nucleotides and the frequency of the types of 
codon at each of the three positions. This program was used to select 
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the sequence for the synthetic oligonucleotide probe. 
The synthetic oligonucleotide probe was found to hybridize with an 
approximately 1.8 kb Hindlll / Sall fragment from a digest of pPM200. 
Results of the colony blot screenings proved the 1.8 kb fragment 
hybridized to strains expressing 987P but also to other strains on the 
filter. Therefore, it was thought that this fragment was too large for 
use as a probe because it lacked specificity. It is possible the 
fragment contained part or all of the subunit genes but included other 
non-specific 987P genes. These non-specific genes could possibly have 
encoded for anchoring or periplasmic transport proteins. These would 
not necessarily be specific for 987P-expressing strains but merely for 
fimbrial production in the other strains . 
Further digestion of this 1 .8 kb fragment was necessary to find a 
smaller fragment that continued to hybridize with the synthetic 
oligonucleotide probe. Since the 1.8 kb fragment was smaller in size, 
enzymes were chosen that had an endonuclease target sequence of 4 base-
pairs rather than the standard 6 or 8 base-pairs. The smaller target 
sequence enzymes increased the probability of sites being present and, 
therefore, the probability of more fragments resulting from the 
digestions. The 1 .8 kb fragment was digested with 12 enzymes, 
electrophoresed and a Southern blot made. The blot was probed with the 
synthetic oligonucleotide probe and 4 fragments from different digests, 
all under 1.2 kb, were found to hybridize. Each of these fragments was 
purified and radiolabeled for use as probes on colony blot filters 
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containing 987P, K88, K99, F41, Type 1, and PAP ( pyelonephritis 
associated pili)-expressing strains . The fragment that hybridize d 
consistently with 987P expressing strains was from t h e Haelll enzyme 
digest. This Haelll fragment also hybridized wi th other strains not 
expressing 987P . Two explanations for t his hybridization pattern are 
possible . The other strains (known to express either K88, K99, F41, or 
K99 and F41 ) may contain part of the genes necessary for 987P fimb r ial 
production but are not able to be express fimbriae. The inab ility to 
express 987P fimbriae may result from dele tions or mutations in the 
subunit genes. Another explanation for hybridizat ion to t hese strains 
may be that the Haelll fragment contains onl y a l imited number of base -
pairs encoding for the 987P fimbrial subunit. Enough base-pairs are 
present to hybridize with the 20 base-pair synthetic ol igonucleotide 
probe but the remaining portion of the fragment possibly encodes for 
non-subunit proteins. The genes encoding for these non-subunit 
proteins would be necessary for fimbrial production in the non-987P-
expressing s trains. These genes may be hybridizing with regions found 
in t he Hae lll fragment . 
At this point, it was discovered there was a published nuc l eotide 
sequence of the 987P s ubunit genes (18) available. Compar i son between 
the first 20 base-pairs of the synthetic oligonuc l eotide probe 
previous l y used and the newly publis hed nucleotide sequence r evealed 
significant differences. There was a base-pair difference at the third 
position , in the first and second amino acid sequences, between the 
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original synthetic oligonucleotide probe and the newly published 
sequence. This mismatch between the sequences was understandable since 
the original synthetic oligonucleotide probe sequence was derived from 
an amino acid sequence . Since there is degeneracy in the codon at the 
third or "wobble" position, several nucleotides could satisfy the amino 
acid encoding requirements . As stated previously, the base-pairs 
chosen in these positions were derived from the information on the 
frequency of codon usage by li· coli since the published nucleotide 
sequence was not available at the time . 
The second oligonucleotide probe was a 21 base-pair fragment 
synthesized based on the published results of De Graaf and Klaasen 
(18) . When this 21 bas e -pair synthetic probe was used to scre en 
Southern hybridization filters , there appeared to be no hybridiz ation. 
Reasons for this may include error in extraction of the synthetic 
probe , improper filter preparation, or a failure on the p·art of the DNA 
synthesizer to faithfully manufacture the probe . It was decided to 
duplicate the filters (omitting the non-987P-expressing strai ns ) and 
probe them . Another 21 base-pair synthetic oligonucleotide probe was 
made to insure machine error was not a problem . The second 21 base-
pair synthetic probe wa s shown to hybridize to pPM200 and the 1 . 8 kb 
fragment, but not to the HaeIII fragment. 
HaeIII fragment hybridization with the original 20 base-pair 
synthetic oligonucleotide probe was specific for that probe but not 
specific for the 21 base-pair probe . Since there is a 10% mismatch 
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between the two probe sequences, this may be enough to prevent 
hybridization of the 21 base -pair synthetic probe and the HaeIII 
fragment . Therefore , if De Graaf and Klaasen's published sequence f or 
the 987P subunit gene is correct then the HaeIII fragment cannot be 
used as a probe for detecting the 987P fimbrial subunit gene. 
Although the HaeIII fragment cannot be used as a probe , the fac t 
that the 1.8 kb fragment hybridizes with the 21 base-pair synthetic 
probe is useful information . This fragment may contain a l l of the 
genes for the 987P fimbrial subunit. Use of the l . 8kb fragment would 
preclude having to screen other subcloned fragments of pPM200. Further 
enzyme digestion of the 1 .8 kb fragment and screening with the 
synthetic probe should reveal a smaller fragment that will be useful as 
a probe in detecting the 987P fimbrial subunit gene . 
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SUMMARY 
Construction and cloning of a gene probe specific for the 987P 
subun it of enterotoxigenic Escherichia coli was attempted. Recombinant 
plasmid pPM200 carries the genes encoding for the 987P fimbrial 
subunit. The pPM200 plasmid was digested with enzymes and the 
fragments electrophoresed. A 20 base-pair synthetic oligonucleotide 
probe, derived from the amino terminal end of the amino acid sequence 
of the 987P subunit gene, was used to probe the digested fragments of 
pPM200. This probe hybridized with an approximately 1.8 kb fragment in 
the Hindlll / Sall digest. This 1.8 kb fragment was not specific for 
987P-expressing strains . Further digestion of the 1.8 kb fragment with 
the enzyme Haelll revealed a fragment, approximately 520 base-pairs, 
that hybridized with the synthetic oligonucleotide probe. This 520 
base-pair fragment hybridized with all 987P strains tested but 
exhibited homology with strains not bearing 987P fimbriae . 
A second 21 base-pair synthetic oligonucleotide probe was made 
from the nucleotide sequence published by De Graaf and Klaasen (18 ) . 
This probe hybridized with the 1.8 kb fragment originally cloned from 
the Hindlll / Sall digest of pPM200, but not the 520 base-pair fragment 
of the subsequent Haelll digest . Further enzymatic digestion of the 
1 . 8 kb fragment and screening with the 21 base-pair synthetic 
oligonucleotide probe should identify another smaller fragment for use 
as a probe in detecting the 987P fimbrial subunit gene. 
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